Abstract. The M31 satellite galaxy M32 has long been considered an object of unique properties, being the most extreme example of the very rare compact elliptical galaxy class. Here we present the spectroscopic discovery of two M32 twins in the massive galaxy cluster Abell 1689. As these objects are so rare, this is an important step towards a better understanding of the nature of compact galaxies. The two M32 twins had first been detected within our photometric search for ultra compact dwarf galaxy (UCDs) candidates in A1689 (Mieske et al. 2004b ) with the Advanced Camera for Surveys (ACS). Their luminosities (MV ≃ −17 mag) are very similar to M32 and their surface brightness profiles are consistent with that of M32 projected to A1689's distance. From our ACS imaging we detect several fainter compact galaxy candidates with luminosities intermediate between M32 and the Fornax UCDs. If spectroscopically confirmed as cluster members, this would almost close the gap in the mag-µ plane between the region of UCDs and the compact ellipticals, implying a sequence of faint compact galaxies well separated from that of dwarf ellipticals.
Introduction

Compact ellipticals (cEs) and ultra compact dwarfs (UCDs)
In the magnitude-surface brightness plane of stellar systems, early-type galaxies populate a well defined sequence of increasing central surface brightness with increasing total luminosity (Jerjen & Binggeli 1997 , Karick et al. 2003 , Graham & Guzman 2003 , extending over about ten magnitudes. This sequence is folded up only at the very bright end due to core formation in the most luminous giant ellipticals (Faber et al. 1997) . Naturally, galaxies that fall well outside this sequence are very attractive objects to study. Probably the most extreme outlier towards high surface brightness at low luminosity is the compact elliptical (cE) galaxy M32 (e.g. Faber 1973 , Kormendy 1985 , 1987 , Nieto & Prugniel 1987 . It has M V ≃ −17 mag (Graham 2002) and an effective surface brightness µ eff about four mag brighter than dwarf ellipticals (dEs) of comparable M V . The effective radius of its bulge is only ∼100 pc. Jerjen & Dressler 1997) , but M32 still remains the faintest and most compact one. As most of these cEs are found close to more luminous giant galaxies, discussions about their origins have focussed on tidal effects from their neighbours. As progenitor galaxies for M32, bulges of late type spirals (Bekki et al. 2001) have been suggested as well as genuine low luminosity ellipticals (Faber 1973) . Choi et al. (2002) find that a normal elliptical galaxy cannot have been a precursor of M32, but that its precursor must have been intrinsically compact. Graham (2002) finds that M32's surface brightness profile can be best fit by a compact Sersic bulge plus a low surface brightness exponential disk. These two findings support the idea that M32 is the compact bulge of a stripped spiral rather than a normal elliptical. Going about a factor of 100 in luminosity and 10 in effective radius lower, one enters the regime of the so-called "ultra compact dwarf galaxies" (UCDs), discovered in the Fornax cluster by Hilker et al. (1999) and Drinkwater et al. (2000) . These overluminous star clusters have −11 > M V > −13 mag (Mieske et al. 2004a) and are more concentrated towards the cluster centre than the average dwarf galaxy population. Also for UCDs, tidal stripping of nucleated dwarf galaxies has been proposed as a possible origin (Bekki et al. 2003 ).
UCD candidates in Abell 1689
In the densest environments, tidal stripping should occur more frequently than anywhere else. Therefore we undertook a photometric search for UCD candidates in the very massive galaxy (Mieske et al. 2004a (Mieske et al. , 2004b . The approximate location in the CMD of M32 at A1689's distance is indicated by the cross (Mateo 1998) .
cluster Abell 1689 (z = 0.183, m − M ≃ 39.75 mag), see Mieske et al. (2004b) . This search was based on deep high resolution ACS images, see Fig. 1 . UCD candidates were selected based on their compact morphology, brightness and (g − i) colour. In addition, their photometric redshift was demanded to be smaller than 0.5, as derived using the BPZ code by Benítez (2000) . The search resulted in the discovery of several very luminous UCD candidates in the luminosity range between Fornax UCDs and M32. Two of the brightest UCD candidates (i ≃ 22.5 mag, M V ≃ −17 mag) are marginally resolved, implying r eff ≃ 300pc at Abell 1689's distance, similar to M32.
In this letter, we present the spectroscopic follow-up of the five brightest UCD candidates in Abell 1689.
Spectroscopic results
The spectroscopic observations have been obtained with Director's Discretionary Time (DDT) program 273.B-5008. The spectra were taken with the VLT/FORS2 mask exchange unit MXU, targeting the five brightest UCD candidates in Abell 1689 from Mieske et al. (2004b) and several other objects of interest (stellar super cluster candidates, dwarf galaxies, etc.). The slit-width was 1 ′′ , the resolution was about 6Å/pixel at a spatial scale of 0.
′′ 2 / pixel. The PSF-FWHM was about 0.8 ′′ . The total on-source integration time was 6500 seconds. The resulting S/N per pixel in the best exposed wavelength range around 6000Å was about 15 for the brightest UCD candidate (i = 22.2 mag) and about 6 for the faintest one (i = 23.8 mag). The UCD candidate spectra are shown in Fig. 3 , the derived redshifts in Table 1 . We confirm the cluster membership for UCD candidates No.1 and 3. The redshift of candidate No.2 is consistent with a galactic foreground star. The spectra of the two faintest UCD candidates No.4 and 5 were partially blended with neighbouring galaxies, inhibiting an unambiguous redshift determination. Both spectra exhibit several weak cross correlation peaks in a range of redshifts, including peaks corresponding to A1689's distance. Longer spectroscopic integrations and better seeing are needed to definitely confirm or rule out their cluster membership. Judging from the thumbnail image in Fig. 1 , candidate No.4 might also be part of a lensed background galaxy. A note on nomenclature: the absolute luminosities of the two confirmed A1689 UCD candidates are almost identical to M32, such that one might also call them "compact elliptical" (cE) or "compact dwarf elliptical" (cdE). We choose to assign the two cluster members the more general term "compact galaxies" (CGs) or "M32-like galaxies".
Comparison between M32 and compact galaxies in Abell 1689
In Figs. 2 and 4 the morphological appearance and surface brightness (SB) profiles of the two A1689 compact galaxies (CGs) is compared with a seeing convolved, simulated SB model of M32, as taken from the fit by Graham (2002) . This fit consists of a central bulge component described by a Sersic profile with n=1.5 and r eff = 105 pc and an underlying exponential disk with exponential scale length h = 480 pc (r eff = 806 pc). Ellipticity was adopted as zero. The PSF profile used for convolution was adopted as a Moffat function with FHWM= 0.095 ′′ and β = 2.5. For the simulation, an angular distance scale of 3.10 kpc/ ′′ was assumed, corresponding to a mean cluster redshift of z = 0.1832 (NED database), H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3 and Ω Λ = 0.7. On the ACS image in Fig. 2 , the two A1689 CGs and the simulated M32 appear very similar and are notably more extended than a pure stellar source of comparable luminosity. In the surface brightness plots of Fig. 4 , this is confirmed. When fitting an exponential profile to the outer parts of the two CG profiles that are mostly unaffected by the seeing, effective radii in the range 700-800 pc are determined, in agreement with the scale size of M32's exponential disk. In the lower panel of Fig. 4 Table 1 . Properties of the spectroscopically investigated UCD candidates in Abell 1689. "CG" in the comment column stands for "compact galaxy". The spectrum of candidate 4 is partially contaminated by a neighbouring irregular galaxy with unkown redshift, see Fig. 1 , showing several weak cross-correlation peaks within 0 < z < 0.30. The spectrum of candidate is partially contaminated by a dwarf galaxy member of Abell 1689, see Fig. 1 , showing several weak cross-correlation peaks within 0.15 < z < 0.20. is shown that also a single Sersic profile with r eff = 300 pc and n = 1.85 fits quite well the observed CG profiles. In order to explore the acceptable range for r eff in the case of a single component, we used the ISHAPE task (Larsen 1999) . As input PSFs we used three different unresolved sources in the i exposure of the ACS image, with PSF-FWHM between 0.09 and 0.10 ′′ . For the intrinsic profile shape we adopted King profiles with concentration parameter between 5 and 30 and a Moffat profile with β = 2.5. The mean and scatter of the fitted r eff obtained with different models and PSFs is 370 pc ± 180 pc for CG A1689,1 and 225 pc ± 75 pc for CG A1689,2 . All of the profile fits have a comparable χ 2 . Doing the same procedure for the simulated, seeing convolved M32 image yields an intrinsic effective radius of 225 pc ± 75 pc.
Discussion and conclusions
Objects like M32 are extremely rare. In this letter we have presented the discovery of two M32 analogs in Abell 1689, an extremely massive cluster which is also known as the strongest lens on the sky (M ≃ 1 × 10 15 M ⊙ , see King et al. 2002) . This is consistent with the hypothesis that deep potential wells favour the creation of such compact galaxies. CG A1689,1 has a relative velocity of −4800 km s −1 with respect to the closest projected cluster giant elliptical and +1500 km s −1 to the second nearest one, values which are consistent with the high velocity dispersion of Abell 1689 (Czoske 2004) . CG A1689,2 has a much smaller velocity difference of about 100 km s −1 to its closest neighbour, comparable to the relative velocity between M31 and M32. This fits into a picture where both galaxysatellite interactions and tidal interaction with the overall cluster potential can lead to the creation of compact galaxies. If this is true then there should exist a continuous sequence of compact galaxies between the fainter Fornax-UCD types and brighter M32-types, especially in an extremely massive cluster like Abell 1689. As is shown in Figs. 1 and 5 and outlined in detail in Mieske et al. (2004b) , there indeed is a population of compact galaxy candidates with luminosities intermediate between the Fornax UCDs and M32, in addition to the two brighter confirmed M32 analogs. The definite confirmation of their membership with spectroscopy is needed to exclude them being foreground stars or background galaxies. If confirmed as cluster members, this would fill a previously unpopulated region in the mag-µ plane of stellar systems: a sequence of faint compact galaxies parallel to the dwarf galaxy sequence but offset towards higher surface brightness / smaller scale length. Fig. 5 illustrates this: there is a notable gap in FWHM between the unresolved UCD candidates and the resolved "normal" dwarf galaxy candidates. Our sample is complete across this gap, i.e. the gap is not caused by selection effects. The next step will be to perform a spectroscopic census of the entire compact galaxy population in Abell 1689, extending from the brighter cE candidate galaxies not observed by Czoske (2004) to several mag fainter than the two newly discovered M32 twins. Furthermore, the results presented here en- Fig. 5 . Size-luminosity distribution of normal dwarf galaxies and UCD candidates in Abell 1689. SExtractor FWHM is plotted vs. i-band luminosity for sources with z phot < 0.5 in the indicated magnitude range. The PSF-FWHM is about 0.10 ′′ . The dots are the unresolved UCD candidates, defined by a starclassifier larger than 0.6 (see Mieske et al. 2004b ). The asterisks indicate the resolved dwarf galaxy candidates, defined as having SExtractor star-classifier smaller than 0.6. The larger filled circles indicate the two confirmed M32 twins. The open circles indicate galaxies with a measured spectroscopic redshift (Czoske 2004) , double circles are those with 0.16 < z < 0.22 (redshift range of Abell 1689).
courage us to propose a search for compact galaxy candidates in other massive clusters.
